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The present invention relates to an automatic TIG 
welding torch with an integrated consumable-wire feed 
dedicated to robotic welding. 

5 A TIG (Tungsten Inert Gas) welding torch fed with 
welding wire conventionally is in the form of a one- 
piece body provided with internal arrangements suitable 
for implementing the welding process to which this 
torch is dedicated. 

10 

Torches may be straight or bent, that is to say the 
beam leaves along the axis of the torch in the case of 
a straight torch or perpendicular to the axis of the 
torch in the case of a bent torch. 

15 

In the rear part of the torch, usually called the torch 
support or mounting, there are flexible or semi-rigid 
fluid feed lines that are connected to the torch body 
by a connection system specific to each type of line. 

20 

The power supply cables are grouped together by 
mechanical means, usually by screwing them to the 
corresponding circuits of the torch, except in the case 
of liquid- or gas-cooled cables, which are therefore 
25 attached appropriately. 

A flexible tubular sheath, attached to the rear of the 
torch by a clip or the like, groups together the cable 
bundle so as to protect it. 

30 

The front part of the torch, again called the torch 
body, comprises a nozzle for delivering the shielding 
gas, which nozzle is attached to the torch body by 
screwing or by any other gripping or similar system, 
35 and also an electrode. 

The nozzle may be made of metal and may or may not be 
cooled by a cooling fluid, such as water or a gas; in 
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this case, the nozzle must be electrically insulated 
from the torch body. 



However, the nozzle may also be made of a suitable 
5 uncooled insulating material, for example a ceramic. 

Moreover, the electrode, usually made of pure tungsten 
or thoriated tungsten, is held centred in the torch 
body by a gripping system or the like, in such a way 
10 that the nozzle forms a sleeve around the electrode. 

Furthermore, a consumable wire feed system is generally 
provided independently of the torch, that is to say it 
is firmly attached to the torch body or to the torch 
15 support, the torch support being the member that 
connects the torch to the device for moving it. 

Conventionally, as shown in Figure 1, the filler wire 
is fed into the weld pool by the feed system 3 
20 tangentially or almost tangentially to the liquid 
metal, at the rear of the electrode 2 surrounded by the 
nozzle 1, in the welding direction. Under these normal 
conditions, the angle B defined by the electrode 2 and 
the filler wire 3 is about 85^ to 90^. 

25 

However, it turns out in practice that this type of 
torch is not suitable for robotic TIG welding as it has 
several drawbacks . 

30 Thus, although the tangential wire feed is perfectly 
suitable for an automatic TIG welding process in rigs 
with parallel jaws, the same is not true in robotic 
welding in which the aspect of space requirement is of 
paramount importance in order to weld in any position. 

35 

However, it will be readily understood that having a 
consumable-wire feed system that is provided 
independently of the torch increases the overall size 
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of the assembly, which goes counter to practical use in 
robotic welding. 



In addition, control of the position of the filler wire 
5 relative to the welding direction requires the use of 
an additional axis of the robot, which complicates the 
unit, increases its cost and is a source of breakdowns. 

Moreover, in TIG welding, it is necessary to use a 
10 perfectly sharpened, that is to say pointed, electrode 
in order to obtain a consistent and reproducible 
result . 

To do this, the electrode must be regularly resharpened 
15 in order to compensate for its wear, or even completely 
replaced if its wear has become too great. 

This operation requires the operator to stop the 
machine, remove the electrode, sharpen or replace it, 
20 then refit it and, finally, precisely adjust the 
respective positions of the electrode and the wire so 
as to relocate the precise position of the wire at the 
rear of the electrode and tangentially to the welded 
joint . 

25 

It will be understood that this procedure requires the 
production machine to be stopped one or more times, to 
the detriment of the expected performance of a robot 
used in two or three shifts, this procedure being 
30 lengthier the more accurate the positioning of the 
electrode and the wire has to be. 

In view of this, the problem presented is to provide an 
improved wire-guide/nozzle assembly for an electric arc 
35 welding torch and an improved automatic TIG welding 
torch with consximable-wire feed that do not have the 
abovementioned drawbacks. 
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In other words, it is an object of the invention to 
propose a novel torch architecture for TIG welding with 
filler wire that allows the wire to be easily and 
precisely positioned relative to the electrode. 

5 

The solution of the invention is a wire-guide/nozzle 
assembly for an electric arc welding torch, comprising 
at least one nozzle for delivering gas and at least one 
wire-guide system for guiding at least one consumable 
10 wire, characterized in that the downstream end of the 
wire-guide system runs into the nozzle. 

Depending on the case, the wire-guide/nozzle assembly 
of the invention may include one or more of the 
15 following technical features: 

the peripheral wall of the nozzle has at least 
one cut-out through which the wire-guide system passes; 

the wire-guide system is fastened to the 

nozzle; 

20 - the axis of the wire-guide system at its 

downstream end and the axis of the nozzle make, with 
each other, an angle between 10° and 70°, preferably 
around 15° to 45°; 

the wire-guide system is hollow and of oblong 
25 general shape, preferably the wire-guide system has the 
shape of a hollow tube, the internal diameter of which 
is between 0 . 6 mm and 2 mm; 

the wire-guide system comprises a part parallel 
to the axis of the nozzle followed by a curved part, 
30 the said parallel part and the said curved part both 
being located outside the nozzle; 

the distance separating the axis of the 
parallel part of the wire-guide system from the axis of 
the nozzle is less than 3 0 mm; 
35 - the nozzle includes attachment means for 

attaching it to a welding torch, preferably the 
attachment means comprise a thread provided on the 
outer peripheral wall of the nozzle. 
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According to another aspect, the invention also relates 
to a TIG welding torch equipped with such a wire- 
guide/nozzle assembly. 

5 Preferably, the torch furthermore includes a non- 
consumable electrode placed relative to the wire- 
guide/nozzle assembly in such a way that the wire 
conveyed by the wire guide penetrates the nozzle, going 
towards the electrode at an angle between 5^ and 50^, 
10 preferably between 10° and 30°, to the axis of the 
electrode or of the nozzle, the wire and the electrode 
lying in one and the same plane. 

The torch also includes a mounting onto which the wire- 
15 guide/nozzle assembly is fitted in a predefined 
position. 

According to yet another aspect,' the invention relates 
to a robotic welding unit comprising at least one 
20 robotic arm provided with such a torch. 

The invention will now be explained in greater detail 
with reference to the appended figures, in which: 

Figure 1 shows a side view of a wire feed 
2 5 configuration for a TIG torch according to the prior 
art ; 

Figure 2 shows a top view of the mounting for a 
TIG torch according to the invention; 

Figures 3 and 4 show schematically, in side 
30 view, a wire-guide/nozzle assembly for an electric arc 
welding torch according to the invention; 

Figures 5 and 6 are longitudinal sections 
through a torch according to the invention; and 

Figures 7 to 9 show schematically the possible 
35 orientations of the wire-guide/nozzle assembly of a 
torch according to the invention. 

An arc welding torch according to the invention is made 
up of three main subassemblies, namely a torch support 
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or mounting 27, a torch body 16 and a nozzle 11 
incorporating a wire-guide system 13 and forming a one- 
piece wire-guide/nozzle assembly. 

5 The torch support or mounting supports all the fluid 
inlets, especially for the supply and return of the 
coolant (water) ; the inlet for the gas or ga.ses needed 
to implement the welding process; the connection for 
the electrical power via one or more power cables, 

10 these being solid or liquid- or gas-cooled, their 
method of attachment depending on the cable in 
question; and the inlet for the filler-wire guiding 
sheath, the latter coming in parallel to the 
geometrical axis of the torch, defined by the 

15 electrode - 

The mounting 27 is fastened to the wrist of a robot 
system by means of a suitable mechanical component, 
which is itself mounted on a ^'shock-proof" safety 
20 device. 

The mounting 27 receives, on the one hand, the torch 
body 16 subassembly, to which the mounting delivers the 
fluids, that is to say the gas and the cooling water, 

25 and also the electrical power via a contact socket 
intended to provide the electrical contact needed to 
implement the welding process, and, on the other hand, 
the wire-guide 13 /nozzle 11 subassembly to which the 
mounting delivers the filler metal, that is to say the 

3 0 consumable welding wire 14, 

The design of the mounting 27 allows the wire-guide 
13 /nozzle 11 subassembly to be positioned 
concentrically with the torch body 16 subassembly in a 
35 position 30 chosen beforehand according to the welding 
operation to be carried out, these various positions 30 
being distributed over a 270^ ring, as shown 
- diagrammatically in Figure. 2. 
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As shown in Figures 5 and 6, the torch body 16 receives 
the pure or thoriated tungsten electrode 12 produced in 
a cylindrical sintered tungsten rod, sharpened at one 
of its ends. 

5 

The electrode 12 is held centred by a conventional 
retention system, such as a push- or pull-operated 
gripper system, an interlocking system or the like. 

10 The electrode 12 may also be made up of two components, 
namely a support made of a copper alloy that - supports a 
force- fitted, crimped or brazed part made of pure or 
thoriated tungsten. In this case, the electrode then 
becomes a consumable electrode that is replaced when it 

15 is worn out. 

The torch body 16 may or may not be cooled by cooling 
liquid circuits (duct 23) made in the torch support. 

20 The torch body 16 may also be equipped with an 
additional, central gas circuit - it is then equipped 
with an external nozzle placed around the nozzle 11 in 
order to implement a dual-flow TIG process. 

25 The torch body 16 is inserted into the torch support or 
mounting 27 coming into abutment (at 30) on a shoulder 
31 of the said torch body 16, which shoulder 31 serves 
as a reference point for the position along the Z 
access. Once the torch body has been placed in abutment 

30 thereon, it may be locked to the torch support 27 by a 
suitable mechanical device in order to keep it in 
position, for example a locking ring, a cotter pin 
system or the like. 

35 The wire-guide 13 /nozzle 11 assembly is made up of a 
nozzle 11 and a wire-guide system 13 that are fastened 
together, for example by brazing, screwing, bonding or 
welding. 
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As shown in detail in Figures 3 and 4, the nozzle 11 is 
a hollow metal component of cylindrical general shape, 
which may or may not be cooled by a cooling liquid 
coming from the torch support 27 depending on the power 
5 of the torch - 

The nozzle 11 is fastened to the torch support 27 so as 
to be concentric with the torch body 16, from which it 
is electrically isolated. 

10 

An axial adjustment device 15 allows the wire-guide 
13 /nozzle 11 assembly to be precisely positioned 
relative to the electrode 12. The adjustment device 15 
comprises, for example, a tapped ring 15 that 
15 cooperates with a part 18 of the torch body 16 and a 
thread 17 on the external peripheral wall of the 
upstream end of the nozzle 11. 

The nozzle 11 receives the wire guide 13 for conveying 
20 the welding wire 14. 

The wire guide 13 is in the form of a tubular element, 
the inside diameter of which depends on the diameter of 
the wire 14 used. 

25 

The wire guide 13 runs along the outside of the nozzle 
11 a short distance D from the said nozzle 11, being 
positioned parallel to the latter, typically at a 
distance D of less than or equal to about 3 0 mm, as 

30 shown in Figure 3. The distance D is the distance 
between the axis of the nozzle 11 and the axis of the 
tube 13 taken outside the nozzle 11 in the region of 
that portion (part 24) of the wire guide 13 that is 
parallel or almost parallel to the axis of the nozzle 

35 11, as may be seen in Figure 3. 

The tubular element 13 used for conveying the wire is 
bent (part 25) with a radius sufficient to allow semi- 
rigid wires 14 to pass through it without jcunming or 
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excess friction, and it is also profiled at its 
downstream end 2 0 facing the electrode 12. 

The wire guide 13 is inserted into the nozzle 11 via a 
5 machined housing or cut-out 10 so that the wire 14 
penetrates the nozzle 11, in the direction of the 
electrode 12, preferably at an angle of between 10^ and 
3 0° to the axis passing through the electrode 12 or the 
nozzle 11, the wire 14 and the electrode 12 lying in 
10 the same plane. 

The geometry of the wire-guide 13 /nozzle 11 assembly is 
such that the terminal part is itdnimal, that is to say 
the unguided part of the wire at the point where it 
15 leaves the wire guide as shown in Figure 4 - the 
downstream end 20 of the wire guide 13 must in no case 
come into mechanical contact with the electrode 12 or 
the torch body 16, as shown in Figures 3 and 4. 

2 0 The end of the filler wire 14 enters the anode spot 22 
created by the electric arc during implementation of 
the TIG process, irrespective of the arc voltage 
obtained for a gas corresponding to a given work 
height . 

25 

The filler wire 14 must be delivered in such a way that 
the end of the said wire 14 grazes a sharpened end of 
the electrode 12, that is to say approaches it to 
within a distance that must preferably not be less than 
30 the diameter of the filler wire 14. 

The torch of the invention is therefore of one-piece 
form, that is to say a TIG torch with a wire-guide 
system 13 partly integrated into the nozzle 11, and 
35 therefore does not require an additional axis to guide 
the wire 14 relative to the plane of the joint to be 
produced, making it very practical to integrate into a 
robotic welding arm. 
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The presetting of the electrode 12 in the electrode 
holder 19 and the adjusting of the nozzle 11 with the 
integrated wire guide 13 ensure that the wire 14 is 
precisely positioned relative to the electrode 12 in 
5 such a way that it always arrives in the anode spot of 
the arc. 

The preset electrode holder 19 allows this module to be 
rapidly changed without the need for resetting along 
10 the Z axis of the robot. 

The electrode holder 19 may be arranged so as to shield 
the electrode 12 with a shielding gas and therefore 
provide operating conditions similar to those of a TIG 
15 welding process with two concentric gas streams. 

Moreover, the torch may operate in arc- voltage self- 
regulation mode, this being ensured directly by the 
robot . 

20 

Furthermore, the torch may also be equipped with an 
industrial joint-monitoring system of the mechanical or 
optical type, for example one using a laser with a CCD 
(Charge Coupled Device) camera. 

25 

The wire pay-out device may operate continuously or 
alternately, depending on the applications and the 
technologies that are available. 

30 Welding trials have demonstrated that the welding 
assembly comprising the robotic torch described above 
can work in various geometrical positions in space. 

If we consider the wire/electrode plane and the angle 
35 that the wire 14 makes with the electrode 12, the 
assembly is capable of working in the configurations 
shown in Figures 7 to 9, neunely: 

the vertical wire/electrode plane in the 
welding direction (Figure 7) with either the electrode 
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vertical and the wire coming in at the side at a fixed 
defined angle (diagram on the left in Figure 7) , or 
with the wire coming in vertically and the electrode 
being inclined to the side at a fixed defined angle 
5 (diagram in the middle of Figure 7) or with the 
vertical axis passing through the bisector of the angle 
between the axis of the wire and the axis of the 
electrode (diagram on the right in Figure 7); 

wire/electrode plane inclined at an angle B 

10 (cf. Figure 8, ranging from 0^ to 90° relative to the 
vertical axis in the welding direction) with either the 
electrode vertical and the wire coming in at the side 
at the fixed defined angle (diagram on the left in 
Figure 8), or the wire coming in vertically and the 

15 electrode being inclined to the side at the fixed 
defined angle (diagram in the middle of Ficfure 8) or 
the vertical axis passing through the bisector of the 
angle between the wire and the * electrode (diagram on 
the right in Figure 8) . All these angles accept a wide 

20 tolerance of approximately ±5°. Irrespective of the 
configuration adopted, the wire is preferably delivered 
behind the electrode 12 in the direction of advance of 
the welding, but the reverse position, that is to say 
with the wire coming in ahead of the electrode in the 

25 direction of advance, can also be used; and 

wire/ electrode plane perpendicular to the 
welding direction (see Figure 9) with either the 
electrode vertical and the wire coming in at the same 
side at the construction angle, or with the electrode 

30 inclined at a variable angle B, which may be up to 45°. 

The current delivered by the welding power supply may 
be a pulsed or unpulsed DC current in the case of 
carbon or stainless steels and nickel-, titanium/ 
35 zirconium- and tantalum- based alloys, or an AC or 
variable-polarity current for welding aluminium- or 
magnesium-based light alloys. 
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Moreover, the pay-out of the filler wire 14 used in the 
torch may be continuous or pulsed by a movement rate- 
regulated for example by a mechanical device of the 
connecting rod, crank or other type of mechanical 
5 device, or by an electronic device for controlling the 
pay-out motor . 

As already mentioned, the torch of the invention may be 
designed to operate in a TIG welding process of the 
10 single or dual gas flow type. 

The welding torch of the invention can be used to join 
together, by welding or braze-welding, various elements 
consisting of metal sheets or plates ranging in 
15 thickness from 0.5 mm to 4 mm made of carbon steel, 
both uncoated and coated (galvanized or 

electrogalvanized) , made of f erritic or austenitic 
stainless steel, or made of an aluminium or. magnesium 
light alloy. 

20 

Depending on the envisaged use, the filler wire may be 
made of non-alloy or low-alloy steel, f erritic or 
austenitic stainless steel, nickel or nickel alloy, 
pure copper or copper alloy, or aluminium or aluminixim 
25 alloy. 

The welding torch of the invention is designed so as to 
be able to fit into an automated welding robot for 
welding a very wide variety of components or 

30 workpieces, especially workpieces intended for the 
automobile industry, especially al\aminium or aluminium 
alloy bodies or body components, bonnets, boot lids, 
doors and floor connections and ferritic or austenitic 
stainless steel exhaust systems, but also for other 

35 industries such as the motorcycle industry, especially 
for welding aluminium or aluminium alloy bike frames, 
or else for manufacturing steel or light alloy 
scaffolding or ladders. 
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The torch of the invention can be used more generally 
for carrying out any welding operation that requires an 
attractive weld bead to be obtained. 

As an example, a torch according to the invention can 
produce quality welds \ander the conditions given in the 
following table. 



Welding 
configuration 


Lap weld 


Lap weld 


Lap weld 


Wire 


Nertalic 50 
01 


Nertalic 46 
CuAl8 01 


Nertalic 46 
CuAl8 01 


u 


00 
tH 


i> 
oq 


o 

CN 




rH 




oq 

rH 


Gas 


Arcal 
31 


Noxal 2 


Noxal 2 


Standard 
DC current 


Smooth 


30 Hz 
Pulsed 


30 Hz 
Pulsed 


D > 


ro 


11.5 


12.5 


H < 


O 

oq 

rH 


o 
in 

rH 


o 
in 

rH 


Thickness 
(in mm) 


rH 




rH 


Material , 


stainless 
• steel 


Bare steel 


Galvanized 
steel 



O 
> 

dP 



<D 
Cn 
o 
U 



CD dP 

in 

c>p oq 
in 



O cn 
O) Jh 
5h (d 

dp 

dp in 



in 



•H 

4-) 

CO 
-H 
CQ 

O 
U 



0) 



CQ 
CQ 
0) 
rH 

-H 

cd 

4J 
CQ 

fi 
O 

(d 
u 

o 



Q) 

4-) 

MH 
O 



0) 
CQ 
-H 

<d -H 



a 
(d 



Sh 

(d 
(d 

4J 
CO 



o 



a 

•H 

4-) 
CO 
-H 
CO 

O 
U 



^3 



jd 00 

M o 

(U w 

^ rr. 

cn 5 
o 



u 
o 



u 
o 

CO 

(d 



ro 



00 
rH 

<: 
o 



-H 



(d 

a< 
o 
o 

0) 

MH 
O 

<u 

CQ 
-H 
(d 
O 

(d 
Sh 

Cn 
O 

< T3 



Q) 
U 

O 
CO 



- (d 



jh 
cd 

rd 

4J 
CQ 

I 



Li 


Liq 


by 


ro 

rH 

ro 


>i 


A5 


u 






1 


Xi 


CO 


-H 


u 


rH 






< 
>i 


Ai 


sol 


00 


sold 


Sh 










O 














-H 




Lre 


ro 


rH 


<: 


ro 


O 


rH 






o 


CO 


O 






rH 




CO 


(d 








as 


CQ 




(d 


IN 


cn 


(d 


CO 


o 


CO 


P 




cn 


-H 


4J 




<d 








•H 






(d 




Cn 






CO 




O 

in 


C 






-H 


is 


TP 




o 


rH 




u 


Sh 


O 




ro 


CN 


•H 


O 


-H 








rH 


U 


rH 


cn 


rH 


rH 


<d 


U 


(d 




fd 


Cd 




fd 




•H 


o 




u 








u 


O 


0) 




Q) 




< 






typ 




ODD 



I fd 

rH 

CD (U 

CQ 4J 



